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Abstract 
During deceleration, continuous fuel flows into the engine not only causing over fuel consumption but also increasing 
exhausts emissions. Therefore, this paper presents a simulation of AFR and fuel cut-off modeling in the LPG-fueled vehicle 
using Fuzzy Logic Controller (FLC). The third generation of LPG kits (Liquid Phase Injection, LPI) was chosen due to its 
technological equivalency to EFI gasoline engine and promising to be developed. Given that the fuel system control is complex 
and non-linear, FLC has been selected because of simple, easy to understand, and tolerant to improper data. Simulation results 
show that the AFR and fuel cut-off controller able to maintenance AFR at the stoichiometric range during normal operation and 
able to cut the fuel flow at deceleration time for saving fuel and reducing emissions. 
©2017 Research Centre for Electrical Power and Mechatronics - Indonesian Institute of Sciences. This is an open access article 
under the CC BY-NC-SA license (https://creativecommons.org/licenses/by-nc-sa/4.0/).  
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I. Introduction 
Over the last decade, declining air quality, 
especially in urban areas has become a serious 
concern since it has direct impacts on human health. 
The transportation sector becomes a major contributor 
to increased air pollutant, emissions, and global 
greenhouse gas [1]. Now, most countries have 
implemented a policy of fuel economy standards for 
vehicles as an effective way to reduce oil consumption, 
carbon emissions, and air pollution. The internal 
combustion engine technology is also evolving in that 
direction [2, 3, 4, 5].  
The use of LPG as an alternative fuel is also a 
trend in some countries as a medium-term solution, 
which until 2016, reportedly there are over 26 million 
LPG vehicles in use around the world and over 74,000 
refueling sites [6]. Therefore, this paper presents a 
simulation of AFR controller and fuel cut-off during 
deceleration in the LPG-fueled engine as an effort to 
reduce fuel consumption and emissions. 
Currently, the effort to reduce exhaust emissions 
from the automotive sector to improve urban air 
quality and public health is stronger than ever before 
[1, 2]. In the urban areas, particulate matter (PM) of 
the internal combustion engine has also become a 
concern [3, 4, 5]. Especially in the Spark Ignition (SI) 
engine, reducing fuel consumption and CO2 are also a 
concern in the present.  
In the last decades, the alternative automotive 
propulsion technologies such as fuel cells vehicles and 
electric vehicles have been commercialized as the 
green vehicles. However, fuel cell and electric 
vehicles will be facing the limited of mileage and high 
total cost of ownership [7]. Developing of bio-fuel as 
the alternative fuel will also be constrained by the 
availability of land for production [8, 9]. As a result, 
LPG will be a choice for at least two decades in the 
future as long as the price competes with gasoline [8]. 
On the other hand, fuel consumption and exhaust 
emissions from motor vehicles will be regulated more 
strictly [10].  
Combustion with a lean mixture that is controlled 
by Engine Management Systems (EMS) becomes the 
trend development of today's LPG Engine [11]. In 
Indonesia, the implementation of low-emissions 
vehicles has become a Government program through 
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low-cost green car and low carbon emission program 
[12]. Initially, the Air to Fuel Ratio (AFR) entering the 
LPG engine was regulated only by converter and 
mixer or simple electronic control [13]. The 
stoichiometric mixture is obtained only at partial 
conditions. Now, the Liquid Phase Injection (LPI) of 
LPG-fueled engines has been supported by 
mechatronic systems with sensors, actuators, and 
control system (Figure 1).  
Several treatments have also been made to 
improve performance, fuel economy, and emissions 
[14, 15]. AFR settings were intended to produce 
complete combustion throughout the engine load [16, 
17]. In fact, the need for engine power is more than 
the fulfillment of low emissions. For example, tests 
performed by Massi and Gobbato, FIAT 838 A-1.000 
engine describe the actual AFR is lower than 
stoichiometric AFR (15.7) for the most of the engine 
load, from 1000 rpm to 7000 rpm [18]. In the other 
case, there is significant variation in vehicle emissions 
during acceleration, deceleration, and cruising [19, 20]. 
The principle of LPI is the same as the gasoline 
EFI engine. Liquid LPG is supplied from the tank to 
the fuel rail and then injected into the intake manifold. 
LPG evaporation occurs entirely in the intake 
manifold [6]. The LPI system has the potential to 
achieve fuel savings, produce better power, and lower 
emissions than the VPI system. Subsequently, the 
main problem of AFR control is to solve the non-
linear problem [22].  
Nowadays, the look-up tables combining with the 
proportional and integral feedback controller is widely 
used for AFR control method because of its simple 
structure and robustness. However, this method is 
inefficient due to many engine variants and 
components [23]. The development of control 
technology also shows significant progress. Non-
linear model predictive control (NMPC) has been 
attempted for SI engines to obtain the desired AFR in 
SI engine [24, 25, 26]. Studies conducted by Wang 
shows that the good control performance was obtained 
by adaptive radial basis function (RBF) model based 
NMPC method for AFR control [27]. 
Generally, AFR is controlled largely only by 
engine sensors. Meanwhile, the need for proper fuel in 
vehicles is not only influenced by the engine behavior 
but also influenced by the behavior of vehicles, such 
as braking condition and gear position. It is known 
that a car consists of a complex system with power 
flow as shown in Figure 2.  
During acceleration, the engine drives the wheels 
so that the engine speed and vehicle speed are 
increased in accordance with the throttle valve 
opening. Conversely, the vehicle inertia makes the 
engine speed higher than the proportion of throttle 
valve opening during deceleration. Therefore, a 
possible method for controlling AFR is by using 
Fuzzy Logic Control (FLC) [22]. FLC was chosen by 
many researchers because it has relatively good 
system stability, able to resolve the black box problem, 
and can be applied on a Multi Input Multi Output 
(MIMO) [28, 29]. 
FLC has been widely applied to car engine control 
as AFR control, emissions, and torque [31, 32, 33]. 
However, the application for AFR control is the most 
popular researched. Most of the FLC applications on 
SI engines are to limit AFR in narrow bands around 
stoichiometric values to meet the limits imposed on 
automotive emissions with constraints from engine 
systems only. It consists of three sub-models that 
describe the dynamics of the intake manifold 
(including airflow, pressure, and air temperature), 
crankshaft speed, and fuel injection [33, 34]. 
AFR control based on the braking system was 
conducted by Triwiyatno et al. [35] that is quite 
promising to reduce fuel consumption.  
AFR control with additional external control of the 
engine is very likely to be developed. In addition to 
the brake system, another system that may be involved 
is the transmission system. In fact, wasted fuel is 
influenced by faulty transmission gear position. The 
combination of the engine, brake, and transmission 
systems as a controlling factor of AFR are particularly 
important, considering the vehicle often operates in 
downhill roads, highways, urban cycle, or in 
congestion [36, 37, 38]. 
In the previous study [39], AFR modeling on EFI 
engines based on engine dynamics, transmission, and 
vehicle dynamics also has been done without 
considering the dynamics of braking. As a result, the 
controller is unable to perform a fuel cut-off during 
vehicle deceleration below 80 mph. 
 
Figure 1. Liquid Phase Injection of LPG fuel systems [21]  
 
 
 
 
Figure 2. LPG-fueled vehicle propulsion and power train systems 
[30]  
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Therefore, this paper presents the AFR modeling 
of LPI engine based on engine, brake, and 
transmission system using FLC to improve fuel 
efficiency. More specifically, in addition to 
controlling AFR, this study proposes a fuel cut-off 
method during the vehicle deceleration. By keeping 
the AFR in the stoichiometric range and making the 
fuel cut-off during deceleration that able to reduce 
emissions. The vehicle used in this study is Toyota 
5A-FE which has been modified to LPG fuel systems. 
II. Modelling 
In this study, the throttle valve serves as the 
primary input to control engine speed. Subsequently, 
the engine rotation is distributed to the wheels of the 
vehicle through the gear box (transmission). The 
opening of the throttle valve increases engine speed 
which indicates vehicle acceleration. The vehicle 
deceleration occurs because of two conditions, braking 
or throttles valve closure without braking. The brake 
system not only serves to slow down the vehicle but 
also to control the fuel. So that the fuel control system 
has several inputs including vehicle speed, engine 
speed, throttle valve position and brake systems. 
Meanwhile, gear box provides the transmission ratio 
to change the vehicle speed. The Block diagram of 
vehicle modeling is presented in Figure 3. 
A. Model of engine dynamics 
Based on Figure 3, the opening of the throttle 
valve causes air to enter the intake chamber and then 
the engine cylinder through the engine valves. In this 
case, the mass of air entering the intake manifold is 
affected by pressure and temperature.  
Without involving the EGR, formulation for intake 
pressure, intake temperature, and air mass that goes 
into the engine is presented in Equation (1), (2), (3), 
and (4), respectively. 
Ṗi =
kR
Vi
(−ṁap + ṁatTa) (1) 
Ṫi =  
RTi
PiVi
[−ṁap(k − 1)Ti + ṁat(kTa − Ti)] (2) 
ṁap(U, Ṗi) = ṁat1
Pa
√Ta
β1(U)β2(Pr) + ṁat0 (3) 
ṁat(U, Ṗi) =
Vd
120RTi
 (ηi. Pi)n (4) 
where ?̇?𝑖  is the intake manifold pressure (bar). k is 
ratio of the speciﬁc heats (1.4 for air) and R is the 
constant of ideal gas (287 x 10-5). 𝑉𝑖  is the intake 
manifold volume in (m3). ?̇?𝑎𝑝  and ?̇?𝑎𝑡  are the air 
mass flow into intake port and air mass flow pass 
throttle plate (kg/s). 𝑇𝑎  and 𝑇𝑖  are the ambient 
temperature and intake air temperature (K). 𝛽1(𝑈) is 
the throttle valve position and 𝛽1(𝑃𝑟)  is intake 
manifold pressure ratio [27]. 𝑉𝑑  is engine 
displacement (m3) and 𝜂𝑖  is volumetric efficiency. 
Finally, n is the engine speed (rpm) and 120 is 
correction factor for four stroke SI engine. 
The dynamics of the fuel injection also has been 
observed by Hendricks et al. [40] and Wang et al. [27]. 
The formulation of fuel dynamics is presented in 
Equation (5), (6), (7) and (8) as follows.  
m̈ff =
1
τf
(−ṁff + Xfṁfi) (5) 
ṁfv = (1-Xf)ṁfi (6) 
ṁf =  ṁfv+ṁff (7) 
Xf(Pi, n) =  −0.27Pi − 0.055n + 0.68  (8) 
where, ?̇?𝑓𝑓, ?̇?𝑓𝑖 , ?̇?𝑓𝑣 , and ?̇?𝑓  are the fuel film mass 
flow, injected fuel mass flow, fuel vapor mass flow, 
and engine port fuel mass flow (g/s), respectively. 𝜏𝑓 
is the constant time of fuel evaporation and 𝑋𝑓  is 
proportion of fuel. Meanwhile, 𝜏𝑓 is a function of the 
engine speed (n) and intake manifold pressure (𝑃𝑖) 
with a formulation as in Equation (9). Then, AFR 
calculation is obtained from air mass flow into intake 
port (?̇?𝑎𝑝) compared with the engine port fuel mass 
flow (?̇?𝑓) (Equation 10). 
𝜏𝑓(𝑃𝑖 , 𝑛) = 1.35(−0.672𝑛 + 1.68)(𝑃𝑖 − 0.825)
2 +
(0.06𝑛 + 0.15) + 0.56  (9) 
AFR =
ṁap
ṁf
 (10) 
The crankshaft speed dynamics(?̇?) is presented in 
Equation (11). Intake manifold pressure (𝑃𝑖), pumping 
power(𝑃𝑝 ) and crankshaft speed have a relation to the 
friction power (𝑃𝑓 ) and load power (𝑃𝑏) . Thus, 
stoichiometric AFR (λ = 1) , crankshaft speed  (𝑛) , 
and the intake manifold pressure to be a factor of 
 
Figure 3. Block diagram of vehicle modeling for AFR controlling 
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indicated efficiency(𝜂𝑖). 𝐻𝑢is fuel lower heating value 
(kJ/kg). 
?̇? =
1
𝑙𝑛
(𝑃𝑓(𝑃𝑖 , 𝑛) + 𝑃𝑝(𝑃𝑖 , 𝑛) + 𝑃𝑏(𝑛) +
1
𝑙𝑛
𝐻𝑢𝜂𝑖(𝑃𝑖 , 𝑛, 𝜆)?̇?𝑓(𝑡 − ∆𝜏𝑑)  (11) 
The delay in the fuel injection system has been 
observed by Manzie et al. [41], which include 
injection systems, engine cycle, and exhaust valve 
expulsion. Injection delay model is presented in 
Equation (12) as follow. 
𝜏𝑑 = 0.045 +
10𝜋
𝑛
 (12) 
where, 𝜏𝑑 time delay of fuel injection system and 
0.045 is propagation delay [17]. 
B.  Model of drive train dynamics 
In this study, the drive train is divided into two 
sub-systems (i.e. clutch and transmission). Clutch 
presented the mechanisms for connecting and 
disconnecting the engine speed to the transmission. 
The clutch system is presented in Equation (13). K is 
the capacity factor, 𝑁𝑖𝑛  and 𝑁𝑒 is the input 
transmission speed and engine speed in rpm, 
respectively. f2/f3 is transmission ratio (gear). The 
torque ratio (RTQ) is formulated in Equation (14). 
K = f2
Nin
Ne
 (13) 
RTQ = f3
Nin
Ne
 (14) 
Transmission ratio (𝑅𝑇𝑅)  is obtained from the 
transmission gear ratio. 𝑇𝑖𝑛 and 𝑇𝑜𝑢𝑡  are the input and 
output torque of transmissin, respectively. 𝑁𝑖𝑛  and 
𝑁𝑜𝑢𝑡 as the input and output speed of transmission 
shaft. 
𝑅𝑇𝑅 =
𝑁𝑖𝑛
𝑁𝑜𝑢𝑡
 (15) 
Furthermore, the transmission ratio(𝑅𝑇𝑅)of the vehicle 
used in this study is presented in Table 1 as follows. 
C. Vehicle dynamics 
The vehicle’s movement is not only influenced by 
the engine speed but also by the vehicle inertia (𝐼𝑣) 
and vehicle load variations [42]. Vehicle inertia is also 
affected by wheel speed (𝑁𝑤) in rpm, final drive 
ratio (𝑅𝑓𝑑) , load torque (𝑇𝑙𝑜𝑎𝑑) , and output 
transmission torque (𝑇𝑜𝑢𝑡) as shown in Equation (16). 
𝐼𝑣 . 𝑁𝑤 = 𝑅𝑓𝑑. (𝑇𝑜𝑢𝑡 − 𝑇𝑙𝑜𝑎𝑑) (16) 
A form of the vehicle body affects the speed of 
vehicles because of barriers surrounding air. Finally, 
road conditions also resulted in the brake operation. 
𝑇𝑙𝑜𝑎𝑑 = 𝑠𝑔𝑛(𝑚𝑝ℎ)(𝑅𝑙𝑜𝑎𝑑0 + 𝑅𝑙𝑜𝑎𝑑2𝑚𝑝ℎ
2 +
𝑇𝑏𝑟𝑎𝑘𝑒)  (17) 
where, 𝑅𝑙𝑜𝑎𝑑0𝑅𝑙𝑜𝑎𝑑2as the friction and coefficient drag, 
𝑇𝑏𝑟𝑎𝑘𝑒  is the brake torque, and mph is the linier 
vehicle velocity. 
D. Membership function 
Fuzzy Logic Controller (FLC) requires the value 
of Membership Function (MF) as an input. MF is a 
curve that shows the points mapping of input data into 
membership values (degree of membership) which 
have the interval between 0 and 1. The MF curve is 
presented in Figure 4. Then, the fuzzy set decision is 
presented in Table 2 and Table 3. Fuel controller 
system approach is PID and fuzzy. Compensator 
formula controlled of PID is 𝑃 + 𝐼
1
2
+ 𝐷
𝑁
1+𝑁
1
𝑠
. The 
value proportional is 0.000003, Integral is 0.0027, and 
Derivative is 0.000005. 
III. Result and discussion 
A. Input condition 
In this study, driving dynamic as driver behavior is 
presented in several sections. Throttle angle represents 
the throttle valve position in degree. Brake position 
represents the driver behavior when performing of 
vehicle deceleration. Braking signal generates by the 
hydraulic pressure sensor between 0 to 5 kg/cm². 
Hydraulic pressure above of 3 kg/cm² is considered as 
a braking condition to stop the vehicle and hydraulic 
pressure below of 3 kg/cm² is considered as the 
deceleration of the vehicle. Gear position represents 
the position of the transmission gear, from 1 to 4. The 
driving dynamic is divided into two modes. Braking 
mode as the driver presses the brake pedal and 
unbraking mode as the driver does not press the brake 
pedal. The relation between the driver behavior, 
controller, and vehicle dynamic is presented in Figure 
5. 
B. Deceleration at low speed 
At the low speed, the engine is simulated for 10 
seconds which represents an acceleration and 
deceleration. Referring to Figure 3 and Figure 5, the 
main input of the engine is a throttle valve position 
(0% means fully closed valve and 100% means fully 
opened valve).  
The first period (0 seconds), the throttle valve is 
opened about 22%. The second period (from 0 to 10 
second), the throttle valve is linear opened from 22% 
to 25%. The third period (exactly at 10 seconds), the 
throttle valve is closed from 25% to 19%. The third 
period is kept up to 30 seconds. Dynamics of throttle 
valve position and brake signal are presented in Figure 
6. 
It is known that when the throttle valve is opened, 
the air and fuel are sucked into the cylinder, and then 
combustion pressure will generate an engine speed. 
Table 1.  
Transmission ratio (RTR) 
Gear Position Transmission ratio (𝑹𝑻𝑹) 
1 3.55 
2 1.91 
3 1.31 
4 0.97 
5 0.82 
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The throttle valve is opened from 22% to 30% 
increasing the engine speed from 1000 rpm to 3200 
rpm and increasing the vehicle speed from 0 mph to 
82 mph.  
In the time the throttle is closed abruptly (10 
seconds), engine speed decreases to 2000 rpm (Figure 
7a). However, the vehicle still cruised at high speed. 
The decrease in vehicle speed is not the same as a 
decrease in engine speed. Noting the equation (1) to 
(12) was processed by FLC, the results of engine 
speed and vehicle speed (with throttle valve position 
according to Figure 6) are presented in Figure 7. 
Without AFR controller, the fuel flowing into the 
cylinder is not required. Therefore, the effect of the 
controller to AFR is presented in Figure 8. In Figure 
8a, there is an area where AFR is not detected. This  
 
Figure 4. Membership function of (a) engine speed; (b) throttle angle; (c) vehicle speed; and (d) brake sensor  
 
 
Figure 5. Vehicle modeling with transmission dan brake control system 
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indicates that no fuel is injected into the engine, where 
the exhaust gas emissions are only air without 
combustion products. In Figure 8b, there is a fuel 
saving area, where this area is a fuel cut-off by the 
controller, i.e. no fuel flows to the engine. 
 
C. Deceleration at high speed 
As well as at low speeds, at high speed, the engine 
is simulated for 10 seconds which represents an 
acceleration and deceleration. Referring to Figure 3 
and Figure 5, the main input of the engine is a throttle 
valve position. The first period (0 seconds), the 
throttle valve is opened 22%.  
Table 2. 
Fuzzy set decision based on brake position “None” and "Soft 
No Engine Speed Brake Position Vehicle Speed Throttle Angle Decision  
1 Low (0 to 1400 rpm) None Slow ( 0 to 25 mph) Small ( 0 to 25 %) off 
2 Medium (1200 to 3200 rpm) None Slow ( 0 to 25 mph) Small ( 0 to 25 %) off 
3 High (2800 to 7000 rpm) None Slow ( 0 to 25 mph) Small ( 0 to 25 %) off 
4 Low (0 to 1400 rpm) None Medium ( 18 to 83 mph) Small ( 0 to 25 %) off 
5 Medium (1200 to 3200 rpm) None Medium (18 to 83 mph) Small ( 0 to 25 %) off 
6 High (2800 to 7000 rpm) None Medium ( 18 to 83 mph) Small ( 0 to 25 %) off 
7 Low (0 to 1400 rpm) None Fast ( 80 to 120 mph) Small ( 0 to 25 %) off 
8 Medium (1200 to 3200 rpm) None Fast ( 80 to 120 mph) Small ( 0 to 25 %) ON 
9 High (2800 to 7000 rpm) None Fast ( 80 to 120 mph) Small ( 0 to 25 %) ON 
10 Low (0 to 1400 rpm) None Slow ( 0 to 25 mph) Medium (18 to 55 %) off 
11 Medium (1200 to 3200 rpm) None Slow ( 0 to 25 mph) Medium (18 to 55 %) off 
12 High (2800 to 7000 rpm) None Slow ( 0 to 25 mph) Medium (18 to 55 %) off 
13 Low (0 to 1400 rpm) None Medium ( 18 to 83 mph) Medium (18 to 55 %) off 
14 Medium (1200 to 3200 rpm) None Medium ( 18 to 83 mph) Medium (18 to 55 %) off 
15 High (2800 to 7000 rpm) None Medium ( 18 to 83 mph) Medium (18 to 55 %) off 
16 Low (0 to 1400 rpm) None Fast ( 80 to 120 mph) Medium (18 to 55 %) off 
17 Medium (1200 to 3200 rpm) None Fast ( 80 to 120 mph) Medium (18 to 55 %) off 
18 High (2800 to 7000 rpm) None Fast ( 80 to 120 mph) Medium (18 to 55 %) off 
19 Low (0 to 1400 rpm) None Slow ( 0 to 25 mph) High (50 to 100 %) off 
20 Medium (1200 to 3200 rpm) None Slow ( 0 to 25 mph) High (50 to 100 %) off 
21 High (2800 to 7000 rpm) None Slow ( 0 to 25 mph) High (50 to 100 %) off 
22 Low (0 to 1400 rpm) None Medium ( 18 to 83 mph) High (50 to 100 %) off 
23 Medium (1200 to 3200 rpm) None Medium ( 18 to 83 mph) High (50 to 100 %) off 
24 High (2800 to 7000 rpm) None Medium ( 18 to 83 mph) High (50 to 100 %) off 
25 Low (0 to 1400 rpm) None Fast ( 80 to 120 mph) High (50 to 100 %) off 
26 Medium (1200 to 3200 rpm) None Fast ( 80 to 120 mph) High (50 to 100 %) off 
27 High (2800 to 7000 rpm) None Fast ( 80 to 120 mph) High (50 to 100 %) off 
28 Low (0 to 1400 rpm) Soft ( 0 to 2 kg/cm² ) Slow ( 0 to 25 mph) Small ( 0 to 25 %) off 
29 Medium (1200 to 3200 rpm) Soft ( 0 to 2 kg/cm² ) Slow ( 0 to 25 mph) Small ( 0 to 25 %) off 
30 High (2800 to 7000 rpm) Soft ( 0 to 2 kg/cm² ) Slow ( 0 to 25 mph) Small ( 0 to 25 %) off 
31 Low (0 to 1400 rpm) Soft ( 0 to 2 kg/cm² ) Medium ( 18 to 83 mph) Small ( 0 to 25 %) off 
32 Medium (1200 to 3200 rpm) Soft ( 0 to 2 kg/cm² ) Medium ( 18 to 83 mph) Small ( 0 to 25 %) off 
33 High (2800 to 7000 rpm) Soft ( 0 to 2 kg/cm² ) Medium ( 18 to 83 mph) Small ( 0 to 25 %) off 
34 Low (0 to 1400 rpm) Soft ( 0 to 2 kg/cm² ) Fast ( 80 to 120 mph) Small ( 0 to 25 %) off 
35 Medium (1200 to 3200 rpm) Soft ( 0 to 2 kg/cm² ) Fast ( 80 to 120 mph) Small ( 0 to 25 %) ON 
36 High (2800 to 7000 rpm) Soft ( 0 to 2 kg/cm² ) Fast ( 80 to 120 mph) Small ( 0 to 25 %) ON 
37 Low (0 to 1400 rpm) Soft ( 0 to 2 kg/cm² ) Slow ( 0 to 25 mph) Medium (18 to 55 %) off 
38 Medium (1200 to 3200 rpm) Soft ( 0 to 2 kg/cm² ) Slow ( 0 to 25 mph) Medium (18 to 55 %) off 
39 High (2800 to 7000 rpm) Soft ( 0 to 2 kg/cm² ) Slow ( 0 to 25 mph) Medium (18 to 55 %) off 
40 Low (0 to 1400 rpm) Soft ( 0 to 2 kg/cm² ) Medium ( 18 to 83 mph) Medium (18 to 55 %) off 
41 Low (0 to 1400 rpm) Soft ( 0 to 2 kg/cm² ) Medium ( 18 to 83 mph) Medium (18 to 55 %) off 
42 Medium (1200 to 3200 rpm) Soft ( 0 to 2 kg/cm² ) Medium ( 18 to 83 mph) Medium (18 to 55 %) off 
43 High (2800 to 7000 rpm) Soft ( 0 to 2 kg/cm² ) Fast ( 80 to 120 mph) Medium (18 to 55 %) off 
44 Low (0 to 1400 rpm) Soft ( 0 to 2 kg/cm² ) Fast ( 80 to 120 mph) Medium (18 to 55 %) off 
45 Medium (1200 to 3200 rpm) Soft ( 0 to 2 kg/cm² ) Fast ( 80 to 120 mph) Medium (18 to 55 %) off 
46 High (2800 to 7000 rpm) Soft ( 0 to 2 kg/cm² ) Slow ( 0 to 25 mph) High (50 to 100 %) off 
47 Low (0 to 1400 rpm) Soft ( 0 to 2 kg/cm² ) Slow ( 0 to 25 mph) High (50 to 100 %) off 
48 Medium (1200 to 3200 rpm) Soft ( 0 to 2 kg/cm² ) Slow ( 0 to 25 mph) High (50 to 100 %) off 
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Table 3. 
Fuzzy set decision based on brake position “Half” and “Hard” 
No Engine Speed Brake Position Vehicle Speed Throttle Angle Decision  
49 High (2800 to 7000 rpm) Half ( 0.7 to 3 kg/cm² ) Medium ( 18 to 83 mph) High (50 to 100 %) off 
50 Low (0 to 1400 rpm) Half ( 0.7 to 3 kg/cm² ) Medium ( 18 to 83 mph) High (50 to 100 %) off 
51 Medium (1200 to 3200 rpm) Half ( 0.7 to 3 kg/cm² ) Medium ( 18 to 83 mph) High (50 to 100 %) off 
52 High (2800 to 7000 rpm) Half ( 0.7 to 3 kg/cm² ) Fast ( 80 to 120 mph) High (50 to 100 %) off 
53 Low (0 to 1400 rpm) Half ( 0.7 to 3 kg/cm² ) Fast ( 80 to 120 mph) High (50 to 100 %) off 
54 Medium (1200 to 3200 rpm) Half ( 0.7 to 3 kg/cm² ) Fast ( 80 to 120 mph) High (50 to 100 %) off 
55 High (2800 to 7000 rpm) Half ( 0.7 to 3 kg/cm² ) Slow ( 0 to 25 mph) Small ( 0 to 25 %) off 
56 Low (0 to 1400 rpm) Half ( 0.7 to 3 kg/cm² ) Slow ( 0 to 25 mph) Small ( 0 to 25 %) ON 
57 Medium (1200 to 3200 rpm) Half ( 0.7 to 3 kg/cm² ) Slow ( 0 to 25 mph) Small ( 0 to 25 %) ON 
58 High (2800 to 7000 rpm) Half ( 0.7 to 3 kg/cm² ) Medium ( 18 to 83 mph) Small ( 0 to 25 %) off 
59 Low (0 to 1400 rpm) Half ( 0.7 to 3 kg/cm² ) Medium ( 18 to 83 mph) Small ( 0 to 25 %) off 
60 Medium (1200 to 3200 rpm) Half ( 0.7 to 3 kg/cm² ) Medium ( 18 to 83 mph) Small ( 0 to 25 %) off 
61 High (2800 to 7000 rpm) Half ( 0.7 to 3 kg/cm² ) Fast ( 80 to 120 mph) Small ( 0 to 25 %) off 
62 Low (0 to 1400 rpm) Half ( 0.7 to 3 kg/cm² ) Fast ( 80 to 120 mph) Small ( 0 to 25 %) off 
63 Low (0 to 1400 rpm) Half ( 0.7 to 3 kg/cm² ) Fast ( 80 to 120 mph) Small ( 0 to 25 %) off 
64 Medium (1200 to 3200 rpm) Half ( 0.7 to 3 kg/cm² ) Slow ( 0 to 25 mph) Medium (18 to 55 %) off 
65 High (2800 to 7000 rpm) Half ( 0.7 to 3 kg/cm² ) Slow ( 0 to 25 mph) Medium (18 to 55 %) off 
66 Low (0 to 1400 rpm) Half ( 0.7 to 3 kg/cm² ) Slow ( 0 to 25 mph) Medium (18 to 55 %) off 
67 Medium (1200 to 3200 rpm) Half ( 0.7 to 3 kg/cm² ) Medium ( 18 to 83 mph) Medium (18 to 55 %) off 
68 High (2800 to 7000 rpm) Half ( 0.7 to 3 kg/cm² ) Medium ( 18 to 83 mph) Medium (18 to 55 %) off 
69 Low (0 to 1400 rpm) Half ( 0.7 to 3 kg/cm² ) Medium ( 18 to 83 mph) Medium (18 to 55 %) off 
70 Medium (1200 to 3200 rpm) Half ( 0.7 to 3 kg/cm² ) Fast ( 80 to 120 mph) Medium (18 to 55 %) off 
71 High (2800 to 7000 rpm) Half ( 0.7 to 3 kg/cm² ) Fast ( 80 to 120 mph) Medium (18 to 55 %) off 
72 Low (0 to 1400 rpm) Half ( 0.7 to 3 kg/cm² ) Fast ( 80 to 120 mph) Medium (18 to 55 %) off 
73 Medium (1200 to 3200 rpm) Half ( 0.7 to 3 kg/cm² ) Slow ( 0 to 25 mph) High (50 to 100 %) off 
74 High (2800 to 7000 rpm) Half ( 0.7 to 3 kg/cm² ) Slow ( 0 to 25 mph) High (50 to 100 %) off 
75 Low (0 to 1400 rpm) Half ( 0.7 to 3 kg/cm² ) Slow ( 0 to 25 mph) High (50 to 100 %) off 
76 Medium (1200 to 3200 rpm) Hard ( 2.3 to 5 kg/cm² ) Medium ( 18 to 83 mph) High (50 to 100 %) off 
77 High (2800 to 7000 rpm) Hard ( 2.3 to 5 kg/cm² ) Medium ( 18 to 83 mph) High (50 to 100 %) off 
78 Low (0 to 1400 rpm) Hard ( 2.3 to 5 kg/cm² ) Medium ( 18 to 83 mph) High (50 to 100 %) off 
79 Medium (1200 to 3200 rpm) Hard ( 2.3 to 5 kg/cm² ) Fast ( 80 to 120 mph) High (50 to 100 %) off 
80 High (2800 to 7000 rpm) Hard ( 2.3 to 5 kg/cm² ) Fast ( 80 to 120 mph) High (50 to 100 %) off 
81 Low (0 to 1400 rpm) Hard ( 2.3 to 5 kg/cm² ) Fast ( 80 to 120 mph) High (50 to 100 %) off 
82 Medium (1200 to 3200 rpm) Hard ( 2.3 to 5 kg/cm² ) Slow ( 0 to 25 mph) Small ( 0 to 25 %) off 
83 High (2800 to 7000 rpm) Hard ( 2.3 to 5 kg/cm² ) Slow ( 0 to 25 mph) Small ( 0 to 25 %) off 
84 Low (0 to 1400 rpm) Hard ( 2.3 to 5 kg/cm² ) Slow ( 0 to 25 mph) Small ( 0 to 25 %) ON 
85 Low (0 to 1400 rpm) Hard ( 2.3 to 5 kg/cm² ) Medium ( 18 to 83 mph) Small ( 0 to 25 %) ON 
86 Medium (1200 to 3200 rpm) Hard ( 2.3 to 5 kg/cm² ) Medium ( 18 to 83 mph) Small ( 0 to 25 %) off 
87 High (2800 to 7000 rpm) Hard ( 2.3 to 5 kg/cm² ) Medium ( 18 to 83 mph) Small ( 0 to 25 %) off 
88 Low (0 to 1400 rpm) Hard ( 2.3 to 5 kg/cm² ) Fast ( 80 to 120 mph) Small ( 0 to 25 %) off 
89 Medium (1200 to 3200 rpm) Hard ( 2.3 to 5 kg/cm² ) Fast ( 80 to 120 mph) Small ( 0 to 25 %) off 
90 High (2800 to 7000 rpm) Hard ( 2.3 to 5 kg/cm² ) Fast ( 80 to 120 mph) Small ( 0 to 25 %) off 
91 Low (0 to 1400 rpm) Hard ( 2.3 to 5 kg/cm² ) Slow ( 0 to 25 mph) Medium (18 to 55 %) off 
92 Medium (1200 to 3200 rpm) Hard ( 2.3 to 5 kg/cm² ) Slow ( 0 to 25 mph) Medium (18 to 55 %) off 
93 High (2800 to 7000 rpm) Hard ( 2.3 to 5 kg/cm² ) Slow ( 0 to 25 mph) Medium (18 to 55 %) off 
94 Low (0 to 1400 rpm) Hard ( 2.3 to 5 kg/cm² ) Medium ( 18 to 83 mph) Medium (18 to 55 %) off 
95 Medium (1200 to 3200 rpm) Hard ( 2.3 to 5 kg/cm² ) Medium ( 18 to 83 mph) Medium (18 to 55 %) off 
96 High (2800 to 7000 rpm) Hard ( 2.3 to 5 kg/cm² ) Medium ( 18 to 83 mph) Medium (18 to 55 %) off 
97 Low (0 to 1400 rpm) Hard ( 2.3 to 5 kg/cm² ) Fast ( 80 to 120 mph) Medium (18 to 55 %) off 
98 Medium (1200 to 3200 rpm) Hard ( 2.3 to 5 kg/cm² ) Fast ( 80 to 120 mph) Medium (18 to 55 %) off 
99 High (2800 to 7000 rpm) Hard ( 2.3 to 5 kg/cm² ) Fast ( 80 to 120 mph) Medium (18 to 55 %) off 
100 Low (0 to 1400 rpm) Hard ( 2.3 to 5 kg/cm² ) Slow ( 0 to 25 mph) High (50 to 100 %) off 
101 Medium (1200 to 3200 rpm) Hard ( 2.3 to 5 kg/cm² ) Slow ( 0 to 25 mph) High (50 to 100 %) off 
102 High (2800 to 7000 rpm) Hard ( 2.3 to 5 kg/cm² ) Slow ( 0 to 25 mph) High (50 to 100 %) off 
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The second period (from 0 to 10 second), the 
throttle valve is linear opened from 22% to 38%. The 
third period (exactly at 10 seconds), the throttle valve 
is closed from 30% to 19% respectively. The third 
period is kept up to 30 seconds. Dynamics of throttle 
valve angle is presented in Figure 9. 
When the throttle valve is opened from 22 % to 
38 %, the engine capable of operating up to 4200 rpm 
and vehicle speed reaches 110 mph. At the time of the 
gas pedal is released suddenly (10 seconds), the 
engine fell into 2000 rpm. However, this condition is 
not followed by a decrease in vehicle speed. The 
dynamics of the engine and vehicle speed are 
presented in Figure 10 and Figure 11, respectively. 
 
Figure 6. Simulation of (a) throttle valve position; and (b) brake signal from 0 to 30 seconds 
 
 
Figure 7. Engine speed (a) and vehicle speed (b) from 0 to 30 seconds based on throttle position and brake signal from Figure 5 
 
Figure 8. AFR (a) and fuel consumption (b) from 0 to 30 seconds based on throttle position and brake signal from Figure 6 
 
 
Figure 9. Simulation of throttle valve dynamics at high engine 
speed 
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AFR dynamics generated during deceleration time 
is presented in Figure 12(a). Initially, AFR value 
shows at 15.6. At the time of throttle valve closed, 
AFR is illegible. This means the economizer works 
and no fuel injected into the engine. As a result, there 
is a fuel-cutting area for 13 seconds, showed in Figure 
12(b). This shows significant fuel savings during 
vehicle deceleration, without interfere the vehicle 
performance during acceleration and cruising. 
IV. Conclusion 
A series of simulation results indicates that 
modeling FLC to AFR controlling cut-off fuel during 
deceleration on LPI-LPG fueled engine which is a 
non-linear condition can be applied at low speed and 
high speed condition. The throttle valve position, 
engine speed, transmission system, and brake 
operation were able to control the AFR and fuel flow 
into the engine in the desired condition. At the time of 
deceleration, AFR is not detected for several times, 
which means there is no fuel flow from fuel line into 
the engine. In conclusion, FLC is a promising to be 
applied on LPI-LPG fueled engine for fuel saving. 
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